Ca(2+)-calmodulin-dependent protein kinases Ia and Ib from rat brain I. Identification, purification, and structural comparisons.
Two Ca(2+)-calmodulin (CaM)-dependent protein kinases were purified from rat brain using as substrate a synthetic peptide based on site 1 (site 1 peptide) of the synaptic vesicle-associated protein, synapsin I. One of the purified enzymes was an approximately 89% pure protein of M(r) = 43,000 which bound CaM in a Ca(2+)-dependent fashion. The other purified enzyme was an apparently homogenous protein of M(r) = 39,000 accompanied by a small amount of a M(r) = 37,000 form which may represent a proteolytic product of the 39-kDa enzyme. The 39-kDa protein bound CaM in a Ca(2+)-dependent fashion. Gel filtration analysis indicated that both enzymes are monomers. The 43- and 39-kDa enzymes are named Ca(2+)-CaM-dependent protein kinases Ia and Ib (CaM kinases Ia, Ib), respectively. The specific activities of CaM kinases Ia and Ib were similar (5-8 mumol/min/mg protein). CaM kinase Ia (but not CaM kinase Ib) activity was enhanced by addition of a CaM-Sepharose column wash (non-binding) fraction suggesting the existence of an "activator" of CaM kinase Ia. Both kinases phosphorylated exogenous substrates (site 1 peptide and synapsin I) in a Ca(2+)-CaM-dependent fashion and both kinases underwent autophosphorylation. CaM kinase Ia autophosphorylation was Ca(2+)-CaM-dependent and occurred exclusively on threonine while CaM kinase Ib autophosphorylation showed Ca(2+)-CaM independence and occurred on both serine and threonine. Proteolytic digestion of autophosphorylated CaM kinases Ia and Ib yielded phosphopeptides of differing M(r). These characteristics, as well as enzymatic and regulatory properties (DeRemer, M. F., Saeli, R. J. Brautigen, D. L., and Edelman, A. M. (1992) J. Biol. Chem. 267, 13466-13471), indicate that CaM kinases Ia and Ib are distinct and possibly previously unrecognized enzymes.